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Insights of Sn substitution by Ge and Si in S-kesterite compounds 
using DFT approach 
Solar cell modelling





Fig. 1: Cell efficiency with respect to the absorber layer 
thickness
Fig. 2: Cell efficiency with respect to 𝑄! for 










1 27.68 1.06 25.88
10-4 27.19 0.70 15.88
CZGS 1.89
1 13.54 1.58 19.94
10-4 13.45 1.22 14.98
CZSS 3.06
1 1.24 2.67 3.11






Kesterite lattice contraction 
Significant bandgap increase and slight increase of 𝑚∗
Absorption coefficients of the order of 104 cm-1
𝛼 𝐸 , 𝑛(𝐸),
𝑅 𝐸
𝐴 𝐸 = 1 − 𝑅 exp(−2𝛼𝑑)
𝑅!"#(𝑛),  𝑅$!"#(𝑄% , 𝑅!"#)
𝜂, 𝐽&' , 𝑉(' , 𝐹𝐹
Improved Shockley-Queisser model[1]
DFT input data: Model param.:
𝑇 = 300𝐾,
𝑑







Modelling of the non-radiative recombination rate via an external 
parameter: 𝑄%
• Optimal absorber layer thicknesses 
between 1.15 and 2.68 𝜇𝑚
• Disparity between the Si and the two other compounds in the reported cell 
efficiencies due to 𝐽/0 limitations
• Distinguishable behaviour between 𝑅!"#$ = 0 𝑄% = 1 and 𝑅!"#$ > 0 (𝑄% < 1) with 
respect to the absorber thickness 𝑑
• Decrease of the cell efficiency taking into account the 
materials reflectivity
• The kesterite absorptance fixes the absolute efficiency loss 
with respect to 𝑄% (Fig. 2) 
• From Sn to Si kesterite, 𝜂 decreases explained by the 𝐽/0 drop 
not compensated by the increase of 𝑉10 (Fig. 3)
Fig. 3: JV cruves for 𝑑 = 1.5 𝜇𝑚 with 
respect to 𝑄!
Methodology:
• Possible efficiency imrpovement of 10% (CZTS) and 4.96% 
(CZGS) via the reduction of 𝑅!"#$
• With higher bandgap and interesting efficiencies, CZGS 
could be used in tandem approach
• CZSS might be implemented for PW windows
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